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JP : 16$,072

PAOM=L OF UR0AL MUNT M0R INJUMINS ASI BIT RADIATION

tF •Ing is a translation of an artiole by A. Xorosek
and K. Numevister of the hsatitute of Radiation and
the Radlotharapetio Clinic of the Magdeburg Aodnoy
of tedicine (DireOtort Prof Dr sed. habil. A. Morosok),
puiblish~d In DisdetpheGamuLib .tmm (Oorman
Pub~lo Heaith Afai,. Yo P 17, Il -. J1 U 1962,
BeWr4.no pp i2~6.l27O

The, omtrutwiasn of atemia poves planster tho exit"*m of nualear
a.= Avan asf - thin Inarrsain ant±a~icet to X= 2a-aas of cu Ofl li f
nAtw.-- &M aat.-fiall rdo&iUAt•y mkse it neeesuary that large aircle.

ropy of roftation deaag;.u * eoautowraY x*&aaws#4natituted in nuclear
pl••ts and laboratorle Utt the sq&oyoee. evlpoSe to radiation to a
- edzim. M•Nye, ,•amu thee. uuafteu do not tfl rule out the daner
of rad•atim auoldentta By radiatio aan• dmta we eun accidents whioh
oomint of Wnumiese xan siaiu~teaeov sour to the offe"to of radi-atiOn.

Rajit"o Gan aeert its action on the organism In the Gme of an
acoident in two we"I

TIoul 1rzediaon fame the exterior,
2 Th'oqh the absoaptio f of radioactive substAmoe by the organiam

(Ax~orporatio).I

The two routes by whioh dam•age may be aff lioted on the body may be
combined with one another In various ways. igh doses of radiation,
reching larger sectiona of the bhod or the entire organism, whether owl..
in fron th* outsidte or fr within the organli, brn about the &out*

raditatirond . Irratians reacin a circumscrbed a produe

take place in the fallowing thm.es

1ý Th rough the gast~roi~ntestinal tract;

2 Thoughthe lungs;
3 Thoughthe Inatact and/or injured skin.

In the Gas* or a nualeaxr weaponx wTlosion the a~eohanlem of damagej



[i3fuantanly sa. ..; in nuoear rAautor acoidents. The diffe•--
*noss are only quantitativo In addition to irradiation frox the
exterior and incorporation of radio&otiva &ubtUino"e which affeot in-
dividual organs or the whole organism, mechanical or thermal influsmnes
nay cause injuri•s whiah further increase the posuibi3ity of woua-.
contamination and hence, of an adiitionAL. incorporation by this route.
In this way the nmber of possible cocbinatione of radiation damages is
greatly inoroased,

The extent of health damage oaused by the imorporasion ol radlo-
aotive subetanoes depends on a number of fAotore:

1) The amoun t radl nua24do abepbed,
2 The nature of the emAited radiation;

The offeativis hMl-•ife
The route cX absorption I the bdyl

The affinity of the raftonuolto in queston to given organs
(pattern of distribution);

6) The relative sunoeptibility to radiation of the oritical organs

In fnt5Acti of •hs facton even smaU ewwts of wadionualides
_ .__.- *.- . -•4. .... . .. 4a4. . A

h&4 ino;;rated rad.onuoalides through the gaatarintestinal triat or
the lun~g, ase lent to phyxioiasn oho have been spoaUll trained in
nual~aw 4edicim (~ X14ura(OJiu~wi vvsiaJ1ar ~"Tn oasee
where injuries had also ooourred it Is necess ar to resort firit to sur-
ginal treatment undertaken in oollaboration with the nualear phyuioian,
In this paper we shall disous the basic guidin principles to be ad-
hored to in auah oase.

The "rosent methods of treatment oannot aB yet be based on any wide
wcpenitn~o in this area since 3.oi~,noerostsatrophee have been
verT rare. denoe, tho metbods of treatment are stiU in the process of
elAboration, while making use of data from diferent tie3Ae. Our know-
ledge of the surgioal treatnent of injured and radiation-damaged it-
dividuals ts based on experiences acquired in Japan after the dropping
of atomic bombs in 1945, on observations obtained in accidents in
nuolear plants Ad laboratories, on oi•hoa oases of therapeutic ir-
radiations and on the results of ina dpev ieents. '-

Finkel and Hathaway (:i0) repiort 6n rather frequent iLnjries in -re-
searoh laboratories as well as in olinleal and teohnioal isotope de-.
partmente, causod, by the ina.rpo•ation. of radioaotlve substances. These
acoidens led ,tp-the establiahmant of so-oaeed deoonita nation sLtAoircv
staffed by physiaiana, physicisa and ' Opcia.ly trained asbiliary per,
sonnel for the. treataeat of radinaotlvely contaminated wounds. Similarly,
Ki.ng (22) proscribed for the treatm4wt of radiation-daaIged pe"son

I speocal mtations stafed by an appropriately tratned, group of physiaia•rr,
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Lo~iosts and auxiliary persorabel. Theme stations shiould be oquippe; 7I
Svah a my that in addition to the requLred mioal and surgisal

treatwet the staff nma ..r s •pertnu was.emst of ra• e t• vilty,
above an1 inseswenets an the %bel, bsde after -A-- ewt mw.

lat hPrd aeat in, perii •1• so Gas" f as 4 idodwn ,.
.aii;" Wvye tobe attetded to, the staff Ahould devote itself to redi-
ation-blobgiotl researoh.

Rdoactively oontoinated munt ae eapegd to a loo.l radiatin
stress.* The latter om vW eat3'y eM In depsmrkent above all oa the
velmeltr of neesptine. 7b e 4ut of wepappMais by th m• d depemds
in tun on the pa'14- e 4 eoafeotw s .t the wediati• so* *ure
as well abon the mature aoeys alU the roularizaton- of the wund.
Inoooratlon via open umnomis u.UI1y Woesdl Var repidly. In the oase
of lange..ise ww~s it owy evol the V41*4V of Absorption fallowing
an intravenous Wetle (us )),.

Foreman (4i) rlepts that an usista•et i hd WAWured her finger
with a gas" spliter uA•e my*g vith a jdltenim solution ewibited
a rea tive mot In the udmria bhort17 after the
aoi-ut = 0~•. a m "d kat4 (9) describe an imosJ -• :. zztý WA.; -4- " . . ........ ....... e

fngw wit a gutter that bed been dluti te ea before lnte a soltonUS In-;•W( enJrI4. & Uh~sk UWEUWv 11, UiI. •,mU~ r oouni.ew

60-80,000 impulses pnr xmante on the uit,. ot the puwture. After rinsing
the wovn with ealclum disodiuva ahyleuedi-lae ttnsaostate (aW&TA)
and hal aonountrated hydrochloric ",A. the Cmot Ws itill 17,000
ispulesee per minvub. After towi days, io vimw 6f t heUh activity in
the urine the thoeht ares, that pwehaps the nthe subsetmee A•tinam-
227 had &.. been "o"weatd aUs aoo m ly the me Ouseuled
end the patient treated with I g O&AEUIA =.ituar" Int"Venmaw. on
suboequmint activity test with a W.-ehmiel iiHAiaaOe it Ws found
that wuile the Th-22? had disppeared rapidly from the womd region, Its
rate of exoretion trom the body uws vry low. The daghter subtanoe
Aa-223, which besause of its .uffic.intly hio p*W us the only one of
the decomposition products acooessble to analysIx, wa found to have
been resorbed from the woud rapidly and to have been eweted sooner
than the Th-22?.

The treatment of persons i4ared In radiation a•ideonts should oon-
site- v the applioation of first aid and the earliest possible surgical
inter-rntion. The first aid should be afinistered b the tff of the
isotopo laboratory wo omst be appropriately trained. When an aooldent
ocaurs the first thing to do is to determine the arunt of radiation to
which the viatin ws exposed or at least its eoder of meauitude. The next
step is the deoontamnation of the viatin. the itruments and the plaae
of work. The contaminated eloth.. mst be left at the paae of work. The
oontairnated bodily area should be washed as follows (Boek, Dresel and

4-lohing (1))3



- 1) Thr. as•nutea' thorough wasahLg of the area in question with
luke am water a nild BO I

S0ht xnutes' sorubbing with th brushh
) A~vir o~kbv wwwn of oovinteI'

4) ApPli~ation of 4eosutawlmtim - me e (&" blo)
5) Aftorwilsift with soWtvs smi~t. or wed~A itrt,

For the d-oo inrtloi of @lull*r mounts of r&ad4JeOnwu w t•ga-
aiwo dimnid (YOe se-ten) mixture With b~r% sIUlits and ntaohes& as
,ueO a. iotonie .U. wM O are bm m be=tM ,MnM. In the Gase of
a ooGtmiatim by I.m eefuuWdee or bV a "mvure e•# eAioaetve

W4tamoSG It 14 weo • tbatt" U 104 SKM &"&v• a be eleaned with
a mixtore ot titanim dieA.U we VI/. hbdsoebleris *ad. In the came
of oontai teni with kW= ra4atms sco.mi.t Ui cpwedient to use
appropriate preoipit4ti.tU. agets, Fer the deontaeination of hads amd
feet saturated uolutorn at Vf am' met saitable. Heavy metal oon.
pounds, for Instaooe uzravuim salt;t, .W be s4mIt zated by the addition
of oitzeata to the wash water# 4s1 4*Lat.w lons form soluble oomplezes
with heoay metas', For oertais *ee.. it is ablsiatgeous to use oonoen-
trated-moirca 8 NH0..0Cl, epoi• ; in rwleMl whom the skin is covered
by a thWAk horny 1•yr, or whe the ae. of oeetaaimation is emall
(2): ?or auaan rumbarnes seaim biaebate is a suitable cleaning
agent (±,;).

Very interesting are the eqew31meotns with rate reported by Michon
(12) in whiih it wam attopted to o a"7 out the eliulnation of radl.o-
active irpituitioe by me@a of lotopbere&Ut U thees experiment oDA
of the eleotrodes was plaoed at aay given peoet on the body a" th,
othnr on the conta±niLted area of the skis. The beet oatamination
reaults were obtained with a solut• m of i4qlo 1Lid and mod•ll sulfate
at pH 3*. The ourwent intewity was 0,3 aOe4. In he as e of a CoLtafi-
nation with earrier-froe P-32 in the tone of pbea•herlo aoi (anion),
95 percent of the eontataiAtiOn r*M&Maft aftter uw wa elixmnated
biy 0.5 coulomb/cm2; with otrantiiins9Q + y'ttrivm..90 Coat-Alm) in the form
of o•hlorida over 80 percent was e.limnated by I ;;. In A1l -d-
oontaminations one should make aire that Use Swpi ity is not aarrie4
into the wound or into the raturual body orifioeas

Aodlcal help shouad be sitsneo even In the ese of mild skin in-
Juries. Tweatment should always be oarried out vii% partioUlai haetu and
caution. The i.njued and radioaotivey ooetaminastA akin ae should be
exoied. thus preventing the penetration of radioAt~ve ubetan•oes into
the oiroulation. Prior to this operation the msagtmde of the radioacti-
vity and the tyl.e of radionuolide sbould be asoertainedd, eir. the extent,
of surgioal intervention will depend on these dAta. A loes cooperation
between surgeon and nuolear ph•ysiOiAm Is iMI such cases
(1. 2, 3). Preferentially, the perfousaoe of these tasks should be taken
bver by the isotope departments of the lianeios TA regard to the method
E if vwo treatment and excision it is not possible to Net up any hard I

id rast rules. For purposes of Suidance one %ay follow the advise of-].
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Hug and Afltth (8) according to which a radical intervention is necessary
whenever more than .lc of a dangerous radionuclide has penetrated into
the wound. For the inspection and control of the ,ound containation
a suitable Instru•ent it a sensitive scintillation *outter with a needle-
shaped tip. With the aid of this instrument even the very smallest
wound regions may be checked (1).

3efore the excision the area of oleration must be thoroughly cleaned.
Finkel and Hathaway (10) reemasend that the physiolan cover the wound
with n*eflophane or apply a temporary suture in order to prevent any ad-
ditIonal rinsing of rad~oaotive substanaes into the wound. The deconta-
mnation of the operated region should be carried out with lukewarm wa-
ter with the addition of detergents, and by scrubbing with a soft Perlon
brush. It may be expedient to let the wound bleed for a short time so
as to rinse out in this manner radioactive substances present in the
blood stress. When the excision occurs on the extremities, the operation
should alvays be followed by bleeding i order to reduce resorption (2,
3, 8, 10). The result of the surgical intervention mnut be verified by
activity measurements. Before the final treatment a thorough cleaning
of the wound from radioaotive residues is indispensable. Regular blood-
and urine tests for rdeaam4.2vity are very esemtial, Theee tooet pro-
vide iLin1m tht oourao of tres-toant rnaat anza_-Adin tha extan=t
of the exi•ting nualide incorporation and the neoessity of further

Of these latter meaures deoopowratioan is the most important. The
separation of radionuclides from the organism may be aotiv&ted by che-
late-forming agents (for exam le BAL, sodium citrate, DTA, disminodi-
ethyl ether tetraaoetio aoid, diethylenetriamn eetaaoetia acid), by
airoonium salts or by po3yphosphates. This subjeat is exhaustively
treated by Graul (2,3), Cateah (5), WhmIdt (7), MUoke (8) and Spode
(11). The after-care of the wound has to be attended to ever7 day. In
this connection one should pay particular attention to the radiation re-
action of the skin and wound surfaes since It is possible that the wound
had been exposed through the contamination to a pas-tioularly high local
radiation dose.

In connection with this subject it would be interesting to know
whether and to what extent a high local dose of radiation or even a ra-
diation Affecting the entire body, Influences the wound-healing process,
and whottker on the other hand, the course of the radiation illness is
influ~;-e1) by the sinultaneous presence of injuries. There are a few re-
poteJ Arg on this subject. Uatayama (13), working with guineA pigs,
oroat. ; in the animals wounds 13 em in diameter and irradiated these
wounds at %arious stages of their healing with a radiation dose of 120 r
undcr coi;.tions of depth therapy. At first there was an inhibition of
the huai:U process. This wa. followed in the stage of transformation of
th• y -•cr •'nnulction tissue into oonnective tissue by an acceleration oj
Vi .eitnC, process. The effects were the more marked in both directions1
t-esoonor the irradiation was carried out and the higher the uagnitudw



f Of Irradiated dse..

turther iwe4gat•io w e oarried ovt by Byttreva and Sokolve
(3.4. 15) They exposd guna" pip to a total-hody irradiation of 4W r
and then caused skim mwb in the irradated emnals. Coqup" vith
a control grou of nam-irmdiated animals the wova~ hee leower.i,
There veyo either m inoleatmsry reastiin in the v, ao region or they
set in belatedly. legemectlvo pme.... mr retarded, maiv~y beeau~s
of the lack of proerateiam of fibroblasts. YA I anmal In ubioh the
radiation 4.leuu vad tehm a severe "owase, smeiderable bleedoig oc.
ourred. In the wo "CUion, as We* a momi" with a eeo infections.
No dWfeweme xw obsered in thme bein pI eess ubether the wound was
treate openly or with sterile beige ", Lk generl the "WAS of the
Irradited enimace heeled 3-5 days later then thaoe of the oontrolss
The soarse wee hs*dsr end wider.

Very basic ivestigatione were e•red out by Baron and Vieten (2•).
These researsoers exposed 50 guina pigs to radistlon and then oreated

undo In the akin of their f•wlm. DurIng , the

&fat an l S=e CoSn d tC d W A f e ME r fer d•esu bte thes ao-
atim of Us wood&, andtoZ a- ,al t I, 3z 0 r or 2 e 100 r

tnnwh--.a - " "- am M'1 am 6_ f-9 -!ý rTh6rm

ot these qpersmsntu md o be svoarlsed tsLlewa Zu +he case of-the
irradiated animal there of a bettor oontrction of the wound In the
first fow days. The irraW2Atio led to a e•th•=teU of , wAnd soretloaf
"so that the wound w" dry. After the sixth dAy and y to the 18th day
there was a 3 A4 in the owunh eollg prooess doue to the inhibition of
the growth of fibroblasts. Ths extmnt of rdatA eapy of the ound&
heang proees was in diret r Ptiou to the de or raiation adm
niteri~ed. latne ase of oth"er a prior t the cr eation of the
wounds, the latter heded with lees edothllal Mehdhiture or mauler
saars Only with low domes of radiation was therf asy anheaament of the
wouad healing end aty whem the irradiation eouired do fter the woundinig-
The sensitivity of the enimals tototal.bd irradiation was gx*oatly
inoceased by the wounding.

seM.okson and his resarah o(16) o rm-diatd rats at. one-day in-
torvals ~ ~ 30 wihatta f under depth-thers;ycoomitions aid

periton~im. A contrast to other authors thay reported that the wound-j
he:ling prooes" ended on the sames day in both irradiated ead non-ir'.-
diated animals.

Nagaryanakaya (17) followed the course of wound heeling In 42 pre-
Irradiated and. opeamted patients, Up to a total does of 1,800 r no In-
fluoaszo exerted by the radiAtion on the healing process was oJlnoally
oboervable. With dose* above 1,800 r the isdaz of secndary heal1ng in-i
cIreead. Prolongation of the duration of pre-irradiation to over 30 daxSj
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- increasing the inte"r4a bette si lrraiation- and operatiosn to er
60 dsa# lik•sq~e led to a rise in secondary healing due to coasdewshle
soleratiasation of the skin blood vessels and surroundUIa tisaw, with
tUophie diAturbancee being observed Pootoperative wound healing Was
influend by the loa1i.tsAm of the patholoeglal preoees, the site
of the Irradiated area and the extent of surgical Intervention. dtri-
ova (24) undertook experiments aMi at the d4tesuinatin of the op-
tVal tine of wownd treatment In the cse of ae&oe radiation syndrome.
8imiultonoueIly with Wtmdiatilou of 2004. 40 or 600 r, rabbits were
wou i In te regUm of the snout. It we found that the best heas g
results were obtained mem the wmd ma treated after Oý hours,
uble the reosuts of teament in the flst tow hbws eot 48 hours after
Irradiation were peosw Ave to apearan•e of neoses.

Tsmnev et 4 (25) inovitigatod in 7W0 uNdto nie the influnsee of
high radioactive dose* n the heealing PIoes of waua which we"
aused In the animals by several methoda. in the case of the first

group wouds 6 te 8 = weo oreatAe with a sharp eoieaseel in the so-
es grove +.4 skin was dmaged by means Of A pressure of between 13
a& 20 kalJ• isa 0Wd p•u•o the uds were infeeted with a eutue

OYtUo laf:tat'stes was stwrngoy redoosd after' tota3.mbedy Irradiation
neween 6Q99- . Tite o geanuiaon. e*uae ouer hnam was !me* inse
Paired and the rmgeoo.ateoa abdlty of the epiaeriu hardly affected
at aU. hae phe" Of ASMYatSUa Of the wmum proceess we mueraibly
reded; the seeond, prelvteratve-irgenerative phase very sllgh•.
weakowd. Wdth 700 r +A# foauatiea of granulation tissue was reduced.
tau msore wort",of attwtion is the fact that the eitheliuation proe.
eeo0 vWA ot atffeted eOe at 800 r. It seems that this proess does
not Immediately dmend em the oeaeetiom of the underyiang tisue. The
reganTsiwe.aPWA lifeiitie phase of the healing Wa slowed dwn in the
case of ound ifeoo and the appa e of necroses, With wZooMPli-
eatooL, alnan wounds no differese =a observed in the heal process
betweS irradiated and ua4rrMLited animals, PartularmlY imortAht,
on the other hand, Is the oeewartion that the healin of waund Ohl a
were Inflicted durn Ute saideat seteme of the red1tle ieaes
w" retarded to a mnobpoater etnt than wads whioh were eaused in
the first 2 to • days after irradiation. In irradiated mioe the In-
fection of wounds show a teadeac toward becoming gesral.

V 1h a very high local dose of irradiation it Is possible for a ra-
dima-7n %Uhr to develep in the area of the wound. Swih skin defeots
have a decidedly low tendency to healing. Became of the looally weak-
ened power of resistance of the tissue, there threateas the danger of a
purule infetion. Treataent in theme eaes fesist in the application
of ,,A 1d I&ves And tested antibiotics (18). ftoud the radiation uloer
,f aL .,o eit-l as a result of co vete w ative there"@ then the o, way . 11t
'is an oporat~ou uner the protection of antibiotioe (19, *2.0,2.1). The
zoision, of the damaged skin area should peaetvat. veil into the heal~



7tI-smewth go'nd blond 6W~to~ i~2.cqUf aHt., Into the,ne.jn . F.n,01.., tba rj-'e "02,rraý,ted byr plastic

surgery. bacauAu of tho doflcinent Icoal ii].ood uiroulation free trana-
plants and shift grafts have a bad healing tendenoy. The best results
ale obtained with jump flaps, espeoially from the abdominal skin or
glutoal region. In order to &pare the skin it is reoommended that the
intervention be carried out under general and not under local anesthe-
5s.a (20).

A close cooperation between surgeon and nuclear physician is re-
quired also in the treatment of bone fractures resulting from radio-
active accidents or nuolear weapons explosions. Experimentr on rats and
moie whboh were subjected to bone fractures prior to irradiation ahowad
that the format.ion of oallum wa• reduced at irradiations above 600 v
mud Lfully supprossed above 1,600 r. The total healing prooces wva th.re-
fore oonsidtmoly retarded. Doses under 600 r had no effect (26).

Krupkc (27) performed experiments with dogs in which the thighs of
the animals were broken two hours After an irradiation with 400 to 800
r. Six pornent of tue animals died within 48 hours, an additional 66
pera(ant wi•hin ^wo weaks, 11nto1oZioaUy the rviuv"ng animals shewed
a duliyed 4lun forAtion. in the case of infected compound fractures

suit was even wrse. when the wounds were treated under the protection
oi ani Ot•..o•g in 10io4a1 anesthesia, the number of surviving animals in.
oreased. For th.e troAt4vat of fractures marrow-nail.ng appoared to be* an
expedient nothod, Other series of experiments (28, 29) led to esmilar
results. in fracture& of the elbow or knee joint or of the radiub of
rabbits caused ) to 5 hours after a total body irradiation of 600 r the
heaLling was slowed down due to retarded oallua formation, especially in
young animal, When t.a fracturos were inflictod 20 hours after 3rradi.
ation, the healing process was much leas retarded,

In the troatmont or ln'%Lred and rAdiation-damaged persons thus,)
9nxprimontal findings iust tm taken inte consideration. Tt i,•,oe/-
evident that the eeults of animal ecperiaents should be applied to
humans only with groat cirouraperotion and a certain amount of reserva-
tion. No myrtematization of therapeutic measures is possible. The surgi-
oal measures must always be adapted to the nature of the injuxy and be-
yond that, to the entire clinical picture and ths course of the radiation
damage and radiatlmn illness

In the caae of a catastrophic 'acident It is not always possible
to undertake treatment in a soholarly mannerl neverthcleaL the ginile
lines sot forth herein should. be oonsidtred a goal to be ),opt in mind
at all times,

Sumaeary.

I 1-3ecuse of tLo complax-ty of the meohaniem of damnae, injuries -
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Fe-Ufore as result of nuclear oat'astxophas are of a special rMtuLtO
- -. - --- - -. roatwentmi~t be bAsed on a oci'welation or surgical and nuclear medi-

cal meeguree *i) ~e±~oaoqovmt the odt1 ofhevwd--__
the exom-t of radiation received and the clinloal picture of the x'adi-
atlion Illness.a Theesa tasks Nm be. solved only by' the Oooperstiou of
zsurgeonal nuoloar pbiysielAna and physiciats. The alm of this work was
to prawtde wopm guiding lIInes for w am coooperatIon.
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